Background
Bladder cancer is one of the most malignant tumors with high incidence and mortality during the past decades [1] . In 2018, the incidence of bladder cancer was estimated to be approximately 81 000 new cases and the mortality to be 17 000 deaths in the United States (ranks sixth and eighth, respectively) [2] .
Histologically, approximately 95% of bladder cancer occurs in the urothelial cells, and around three-quarters of bladder cancer patients are non-muscle invasive bladder cancer while the rest are muscle invasive bladder cancer [3] [4] [5] . The grading of bladder cancer is crucial, and the World Health Organization (WHO) 2004/2016 grading system is preferred by most pathologists. Based on the cytologic and architectural abnormalities, atypia, low-grade, and high-grade determine the degree of malignancy and prognosis of bladder cancer [6, 7] . Although new strategies for cancer diagnosis, detection, and neo-treatments have been developed for patients with bladder cancer in the past 30 years, the 5-year relative survival rate is still unsatisfactory [8] . Further research is thus essential to better understand the underlying pathogenetic mechanisms to improve the outcome of bladder cancer.
Recently, genetic characteristics and acquired genetic alterations have been found to play an important role in the bladder cancer. And these distinct mechanisms have been found to construct a multifocal network. For example, inactivating mutations in the tumor suppressor TP53 and activating mutations in FGFR3 are found in both papillary and non-papillary bladder cancer [9, 10] . Moreover, mutations in genes encoding transcription factors and chromatin-modifying enzymes and mutations in TERT promoter are also strongly implicated in some cases [11] [12] [13] .
With the development of high-throughput sequencing methods, thousands of pseudogenes have been characterized [14] . Long non-coding RNAs (lncRNAs) and microRNAs (miRNAs) have been revealed to play a critical role in different kinds of cancer including bladder cancer, by modulating and modifying their ancestral gene. Our research group previously reported that lncRNA ROR was significantly increased in bladder cancer and positively associated with its potential targeting gene ZBE1, thereby contributing to the progression of bladder cancer as well as promoting epithelial-to-mesenchymal transition (EMT) [15] . Liu et al. demonstrated that lncRNA SRY4-IT1 sponges mir-101-3p and upregulates EZH2 leading to aggressive phenotypes in bladder cancer [16] . Therefore, characterization of an integrated whole differential gene expressions network with related endogenous RNA profiles is important, as it might play a key role in the pathogenesis of bladder cancer.
In this study, we identified the differentially expressed mRNA, lncRNA, and miRNA expression profiles in bladder cancer from the TCGA database. In addition, we performed functional analyses of the differentially expressed RNAs and investigated their clinical significance in relation to prognosis in bladder cancer.
Material and Methods

Patients and pathological data
Transcriptome profiling data of 414 bladder cancer tissues and 19 normal bladder tissues were acquired from The Cancer Genome Atlas (TCGA) in October 2018. The RNA-seq data were generated from the Illumina HiSeqRNASeq and Illumina HiSeqmiRNASeq platforms. Using the GDC Data Transfer Tool (https://gdc.cancer.gov/access-data/gdc-data-transfer-tool), all the gene expression profiles and clinical data of bladder cancer were downloaded. Ethical consent was not required as all the data in this study were obtained from TCGA database.
Identification of differentially expressed RNA
The "DESeq" package in R software [17] was utilized to identify the differentially expressed RNAs in bladder cancer when compared to normal bladder tissues. The significance level of the adjusted P-value was set at P<0.01 and the thresholds was set as |log2FoldChange| >2. Moreover, the differentially expressed mRNAs, lncRNAs and miRNAs were annotated using ENSEMBL (htps://www.ensembl.org/).
CeRNA network construction
According to the ceRNA theory, lncRNAs can act as endogenous RNA and thereby regulating target gene transcripts by competing with shared miRNAs [18] . Based on the differentially expressed mRNAs, lncRNAs and miRNAs in bladder cancer, the target mRNAs of the miRNAs were predicted by Targetscan (http://www.targetscan.org/), miRDB (http://www.mirdb.org/) and miRTarBase (http://mirtarbase.mbc.nctu.edu.tw/) [19] . The miRanda database (http://www.microrna.org/) was used for the lncRNAs and miRNAs target predictions [20] . In addition, by combining the discriminatory expression profiles data, the interaction between lncRNAs and mRNAs was identified. The ceRNA network of mRNA-lncRNA-miRNA was visualized with Cytoscape v3.6.2.
Functional enrichment analysis
Gene Ontology (GO) enrichment analysis was performed by (DAVID 6.8) database (http://david.abcc.ncifcrf.gov/) to group the differentially expressed RNAs into 3 categories including molecular function, biological process, and cellular component. The setting in the GO analysis was a false discovery rate (FDR) <0.01. The "ClusterProfiler" package in R software was utilized
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to analyze the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway. The barplots for GO and KEGG were generated by the "Goplot" package.
Prognosis risk scoring in differentially expressed RNAs
Univariate Cox regression analysis was conducted where P<0.0005 was considered statistically significant. The significant mRNAs in univariate Cox regression were subsequently analyzed in a multivariate Cox regression proportional hazards model. Furthermore, based on the median risk score, bladder cancer patients were divided into "high-risk" and "low-risk" groups. The risk scoring system was constructed by the formula as follows for predicting overall survival (OS): risk score=bg 1×exprg 1+bg 2×exprg 2+: : : +bg n×exprg n [21] .
Kaplan-Meier survival analysis and receiver operating characteristic (ROC) analysis were then performed to assess the risk scoring system with high and low scores. The survival and ROC analyses were accomplished by using the R package "survival" and "survivalROC".
Protein-protein interaction (PPI) and correlation network construction
The differentially expressed mRNAs in the ceRNA network were analyzed through the protein-protein interaction (PPI) network. The PPI network was constructed with the Search Tool for the Retrieval of Interacting Genes/Proteins (STRING). The minimum interaction value was set at low confidence (0.150). Based on the top 10 combined prediction score, we selected these gene expression profiles to perform correlation analyses for further validation.
Genes associated with grading and staging in ceRNA network and survival analysis Differentially expressed mRNA, lncRNA, and miRNA in the ceRNA network were analyzed in relation to low-grade and high-grade bladder cancer. These aberrantly expressed RNAs were also evaluated in relation to tumor stage. The significance level of adjusted P-value was <0.01 and the thresholds was set as |log2FoldChange| >2. Kaplan-Meier plots and log-rank test was performed to evaluate the genes in relation to overall survival, where P<0.05 was considered as statistically significant. Figure 1 ). We further validated the relationships and functions of these differentially expressed RNAs according to the ceRNA hypothesis. The miRNA-mRNA and lncRNA-miRNA interactions were first predicted to find 52 mRNAs targeted 
Results
Characteristics of clinical features in TCGA database
3044
by 17 key miRNAs involved in ceRNAs network (Table 2) and 58 lncRNAs were predicted to be interacted with 22 miRNAs (Table 3) . As a result, 52 mRNAs, 58 lncRNAs, and 22 miRNAs of the differentially expressed RNAs were incorporated in the established ceRNA network (Tables 4-6 ). In this ceRNA network, 16 mRNAs, 35 lncRNAs, and 17 miRNAs were downregulated; while 36 mRNAs, 23 lncRNAs, and 5 miRNAs were found to be upregulated (Figure 2 ).
GO and KEGG functional analysis
To further elucidate the functions and biological processes of the differentially expressed mRNAs, we conducted the GO and KEGG enrichment analysis. The barplot of the GO analysis showed significant enrichment in 26 molecular functions, biological processes, and cellular components (P-value <0.001) ( Figure 3A) . The results revealed that 313 genes were aggregated in extracellular region with the lowest P-value at 1.15E-36. KEGG pathway analysis showed that 20 pathways were associated with tumorigenesis of bladder cancer. As shown in Figure 3B , the neuroactive ligand-receptor interaction reflects the most significant cancer associated pathway which contained 61 genes, followed by alcoholism with 59 genes enriched.
Prognostic risk score based on differentially expressed mRNAs
Of the 1820 differentially expressed mRNAs, we found 36 mRNAs to be significantly associated with survival using univariate Cox regression (Table 7) . Subsequently, multivariate Cox regression was applied, and 12 mRNA expression profiles were identified as coupled to overall survival and included in the overall survival prediction model ( Figure 4A, 4B) . On the basis of the overall survival prediction model, a prognostic risk model was constructed where the high-risk group was significantly associated with lower overall survival (P<0.05) ( Figure 4B ). The discriminative evaluation of the risk scoring system was performed with ROC-curve analysis where we found an AUC=0.735 ( Figure 4C ).
PPI network
In order to identify the gene interactions of the differentially expressed mRNAs in the ceRNA network, a PPI network was constructed with these 52 aberrantly expressed genes. In total, 44 nodes and 144 edges were constituted in the single PPI network by STRING ( Figure 5A ). JUN was identified to have the largest number of edges interacting with 28 other genes. Nodes which connect with more than 4 genes are listed in the barplot ( Figure 5B ). Based on the predicted combined score for each pair of nodes from STRING, the top 10 correlating mRNAs are presented in Table 8 . We then proceeded by validating the 10 correlations with Pearson's correlation and as shown in Figure 6 , we found a strong correlation between CFL2 and TPM2 (r=0.911) and between CCNE2 and E2F7 (r=0.734), respectively ( Figure 6 ). The results indicated that there was an interaction between CFL2 and TPM2 and between CCNE2 and E2F7 respectively, in bladder cancer. CFL2  CBX2  AIFM3  MAP1B  ITPR1  HMGB3  E2F7  BTG2  ZEB1  SELE  RUNX1T1  POLQ  HOXB5  WNT7A  PRKAA2  FGF9  ELAVL2  DUSP2  CCNE2  THBS1  NR4A2  NACC2  CCNE1  EPHA7  ZFPM2  CCNB1  MYB  LRRK2  FGF2  JUN   3  3  4  5  5  5  5  5  6  6  6  6  6  7  7  7  7  7  7  8  8  8  8  12  13  16  18  19 
Clinicopathological features related gene expression in ceRNA network
We further analyzed the relationship between the differentially expressed RNAs in the ceRNA network in relation to clinicopathological features. As a result, we found 5 mRNAs, 21 lnRNAs, and 6 miRNAs to be differentially expressed among high-grade and low-grade bladder cancer ( Figure 7 , Table 9 ). In addition, of these RNAs Figure 1) . In relation to prognosis, 1 mRNA (HOXB5) and 6 lncRNAs (ADAMTS9-AS1, AC112721.1, LINC00460, AC110491.1, LINC00163, HCG22) were observed to be associated with overall survival (Figure 9 ).
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Indexed 
Discussion
Molecular and genetic alterations in bladder cancer have been extensively studied in the past decades. Clinicopathological features, including tumor grade and stage have been shown to be linked to biological and genetic mechanisms [22] [23] [24] . However, clinical challenges still exist for bladder cancer making it crucial to focus on new prediction methods based on the molecular targets.
In this study, we have conducted an integrated characterization of RNA expression profiles and performed ceRNA network analysis in bladder cancer based on data from the TCGA database. As a result, 1819 mRNAs, 659 lncRNAs, and 160 miRNAs Table 9 . Differentially expressed RNA profiles correlating to high-grade bladder cancer from the ceRNA network.
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were found to be differentially expressed in bladder cancer, of which 52 mRNAs, 58 lncRNAs, and 22 miRNAs were predicted to be involved in the ceRNA network. Furthermore, high-grade bladder cancer related RNA profiles were identified consisting of 5 mRNAs, 21 lnRNAs, and 6 mRNAs, of which 2 mRNAs and 10 lncRNAs were found to be associated with stage as well.
Based on the current findings of 1819 differentially expressed RNAs, our functional enrichment analysis indicated that that these genes were mainly enriched in "extracellular region". Similarly, GO analysis of prostate cancer conducted by Jiang et al. showed that most of the differentially expressed mRNAs in the urinary system were aggregated in the [25] . In addition, we predicted that 61 genes were enriched in the neuroactive ligand-receptor interaction, including PDGFR-a. Activation of PDGFR-a have previously been implicated in bladder tumor progression by a rasand Src-independent activation of MEK/ERK pathway [26] . Interestingly, systematic lupus erythematosus and alcoholism were identified as important components in the occurrence and development of bladder cancer as previous reported [27, 28] .
Based on the results from the Cox regression, we successfully established an overall survival prediction model based on 12 mRNA expression profiles. The discriminative value of these genes combined was an AUC at 0.735. Of these 12 genes, the tumor necrosis factor-a induced protein 8 TNFAIP8, has been shown to be strongly associated to cancer progression [29] . However, except for TNFAIP8 in the prediction model, the other 11 genes have not yet been elucidated in bladder cancer. Hence, the prognostic value of the prediction model should be further demonstrated in future studies.
Through our analysis of the PPI network, we identified that JUN, known as c-Jun, plays a vital role in the differentially expressed mRNAs in our ceRNA network. In the analysis, we found that JUN has the most edges and interacts with 28 other genes. JUN is an AP-1 transcription factor subunit, which exhibits protooncogenic functions, and several studies have previously validated that the tumorigenesis of bladder cancer has frequently occurred through c-jun relevant signaling pathways [30] [31] [32] [33] [34] . Moreover, Chen et al. reported that TMP2 expression was significantly decreased in bladder cancer [35] , which was in accordance with our findings that demonstrated the strong positive correlation between TPM2 and CFL2 expressions, where CFL2 was also found to be downregulated in bladder cancer with the lowest FDR. CFL2 has also been reported to act as a tumor suppressor gene in nasopharyngeal carcinoma, pancreas cancer, and gastric cancer [36] [37] [38] . Although the functions of CFL2 in bladder cancer has not yet been studied comprehensively, our results indicated that it is a promising novel and potentially meaningful biomarker for exploring new mechanisms in bladder cancer.
As we know, clinicopathological features such as grading and staging are systematic and important prognostic factors in bladder cancer, but their relationship to gene expression profiles remains unclear. In our study, we constructed a bladder cancer specific ceRNA network and analyzed the differentially expressed mRNAs and endogenous RNAs in relation to tumor grades and stages. As a result, we identified that 2 mRNAs and 10 lncRNAs were significantly associated to high-grade tumors and different stages. However, in survival analyses, only HOXB5 and 6 lncRNAs (ADAMTS9-AS1, AC112721.1, LINC00460, AC110491.1, LINC00163, HCG22) were related to overall survival. Although HOXB5 is upregulated in bladder cancer correlating with high-grade and high-stage tumors and has a miRNA-7-binding site of HOXB5 3'-UTR SNP [39] , the mechanisms of HOXB5 in bladder cancer remains to be further explored in future studies. Of the survival related lncRNAs in our study, Ye et al. previously demonstrated that LINC00460 could facilitate tumor progression by acting as a sponge to miR-302c-5p and thereby regulating FOXA1 signaling pathway in human lung adenocarcinoma; LINC00460 has also been implicated in promoting malignant biological behaviors in gastric cancer by regulating KDM2A expression through the targeting of miR-342-3p [40, 41] . However, none of the 6 survival-related lncRNAs have been reported in bladder cancer. In summary, we identified that HOXB5, ADAMTS9-AS1, AC112721.1, LINC00460, AC110491.1, LINC00163, and HCG22 were related to overall survival in bladder cancer. These genes could be promising future biomarkers for diagnosis, prognostication, and also neotherapeutic targets in bladder cancer.
Conclusions
We have identified a large number of differentially expressed mRNAs, lncRNAs, and miRNAs in bladder cancer which were strongly associated with oncogenesis and prognosis. Many of these RNAs have not been reported in the current literature as related to bladder cancer and represent novel and promising future targets. However, larger cohorts of patients and future mechanistic studies are necessary to validate our results, and investigate their functional roles in bladder cancer.
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